g Upon the invasion of the host by microorganisms, innate immunity is triggered through pathogen recognition by pattern recognition receptors (PRRs). Toll-like receptors (TLRs) are the best-studied class of PRRs, and they recognize specific pathogen-associated molecular patterns (PAMPs) from various microorganisms. A large number of studies have shown that genetic variation in TLRs may influence susceptibility to infections. We assessed the genetic variation of TLR2, which encodes one of the most important TLRs, in various populations around the globe and correlated it with changes in the function of the molecule. The three best-known nonsynonymous TLR2 polymorphisms (1892C>A, 2029C>T, and 2258G>A) were assessed in different populations from the main continental masses: Romanians, Vlax-Roma, Dutch (European populations), Han Chinese (East Asia), Dogon, Fulani (Africa), and Trio Indians (America). The 2029C>T polymorphism was absent in both European and non-European populations, with the exception of the Vlax-Roma, suggesting that this polymorphism most likely arose in Indo-Aryan people after migration into South Asia. The 1892C>A polymorphism that was found exclusively in European populations, but not in Asian, African, or American volunteers, probably occurred in proto-Indo-Europeans. Interestingly, 2258G>A was present only in Europeans, including Vlax-Roma, but at a very low frequency. The differential pattern of the TLR2 polymorphisms in various populations may explain some of the differences in susceptibility to infections between these populations.
I
nnate immunity is the first line of defense against pathogenic microorganisms, and its activation is initiated by the recognition of microbial structures by pattern recognition receptors (PRRs) (24) . The first and most studied class of PRRs is that of the Toll-like receptors (TLRs), named after the Toll receptor of Drosophila melanogaster, which has an essential role in the host defense of the fly against fungal infections (2, 22, 29) . Ten human TLRs have been identified, with important roles in host defense against bacteria, viruses, and fungi (3, 28) .
First described in 1998 (43) , TLR2 is one of the most promiscuous members of the family, recognizing a large array of pathogen-associated molecular patterns (PAMPs), including peptidoglycan, lipoproteins, lipopeptides, phenol-soluble modulin, lipoteichoic acid, lipoarabinomannan, atypical lipopolysaccharides (LPSs), porins, glycoinositolphospholipids, glycolipids, and zymosan (38, 54) . In recognizing this large panel of PAMPs, TLR2 forms either homodimers or heterodimers with TLR1 or TLR6.
TLR2 is encoded by the gene bearing the same name, and more than 175 single-nucleotide polymorphisms (SNPs) have been reported for the gene located on chromosome 4q32 (20, 27) . TLR2 polymorphisms influence the susceptibilities of patients to several infections, such as leprosy, tuberculosis, staphylococcal infections, and even sepsis (5, 25, 31, 36, 56, 61) . TLR2 and TLR9 cooperate in sensing mycobacteria, and they are crucial for the activation of an effective Th1 response against these infections (21) . Similarly, TLR2 has been reported to be central to the recognition of lipoteichoic acid and peptidoglycans of Gram-positive bacteria (4, 48, 49, 52, 53) , explaining its influence on susceptibility to these bacteria.
Interestingly, recent data have pointed out that TLR2 polymorphisms are associated with disseminated tuberculosis (10) or exert specific effects on susceptibility to certain mycobacterial strains, such as the Beijing strains of Mycobacterium tuberculosis (27) . The Beijing strains have a clear geographical distribution (27, 40) , raising the possibility that human TLR2 has coevolved in various populations depending on the type of infectious pressure in a particular region, similarly to what has been reported for polymorphisms in other innate immune genes such as TLR4 or Mal/TIRAP (17, 18) .
In order to generate more insight into this hypothesis, we assessed the population distribution and functional consequences of the three most common nonsynonymous TLR2 polymorphisms: (i) a C/A substitution at nucleotide 1892 (1892CϾA; rs5743704), predicted to replace proline with histidine at position 631 (Pro631His); (ii) a C/T substitution at nucleotide 2029 (2029CϾT; rs121917864) from the start codon of TLR2, predicted to replace arginine with tryptophan at position 677 (Arg677Trp); and (iii) a G/A substitution at nucleotide 2258 (2258GϾA; rs5743708) from the start codon of TLR2, predicted to replace arginine with glutamine at position 753 (Arg753Gln). These TLR2 SNPs have been reported to influence susceptibility to various infections, but little is known regarding their distribution in dif-ferent geographical locations and whether this may explain, at least partly, differences in susceptibility to infections between various populations.
MATERIALS AND METHODS
Sample characteristics. A total of 941 individuals were recruited and were classified into seven populations according to geographic and ethnic criteria: Romanians (n ϭ 203) (Romania, Europe), Vlax-Roma (n ϭ 175) (Romania, Europe), Dutch (n ϭ 262) (Netherlands, Europe), Han Chinese (n ϭ 89) (China, Asia), Dogon (n ϭ 110) (Mali, Africa), Fulani (n ϭ 48) (Mali, Africa), and Trio Indians (n ϭ 54) (Suriname, South America). Blood samples were collected from unrelated healthy volunteers, and written informed consent was obtained from all individuals. All selected participants were self-reported third-generation natives. DNA samples were extracted from whole blood (collected into EDTA tubes) by use of the Puregene isolation kit (Gentra Systems, Minneapolis, MN) and the Maxwell 16 Blood DNA purification kit (Promega, Madison, WI).
Genotyping of TLR2 polymorphisms. All primer sequences used to assess the 2029CϾT and 2258GϾA SNPs were designed by using Primer3 software (44) and are presented in Table 1 . The genotyping of the 1892CϾA polymorphism was performed by using a TaqMan SNP assay (Table 1) with the 7300 ABI real-time PCR system (both from Applied Biosystems, Foster City, CA) in 96-well plates. The results were confirmed by subsequent sequencing analysis. Based on the fact that TLR2 has a noncoding exon 3 duplication with 93% homology that can lead to falsepositive results for the TLR2 2029CϾT polymorphism, we chose to verify our first P1 gene-specific primer set results with a second P2 gene-specific primer set. The pseudogene region of interest was amplified with a P4 pseudogene-specific primer set. A P3 primer set was used to identify the presence of the 2258GϾA polymorphism.
The PCR products for the P1 to P4 primer sets were analyzed on a 2% agarose gel stained with ethidium bromide prior to direct sequencing. For sequencing, we used BigDye Terminator Ready reaction mix with an ABI Prism 3100 automated sequencer (Applied Biosystems, Foster City, CA). The results were assembled with ABI Prism software, version 5.1, and analyzed by using Chromas software, version 2.33.
Role of TLR2 1892C>A and 2258G>A polymorphisms in induction of the proinflammatory cytokines interleukin-1␤ (IL-1␤), IL-6, tumor necrosis factor alpha (TNF-␣), gamma interferon (IFN-␥), and IL-17 in peripheral blood mononuclear cells. Blood was drawn from the antecubital veins of 102 healthy Dutch subjects. The isolation of peripheral blood mononuclear cells (PBMCs) was performed as described elsewhere previously (15) . Briefly, cells were isolated by density centrifugation of blood diluted 1:1 in pyrogen-free saline over Ficoll-Paque (Pharmacia Biotech, Pittsburgh, PA). Cells were washed twice in saline and suspended in RPMI culture medium (Invitrogen, Carlsbad, CA) supplemented with 10 g/ml gentamicin, 10 mM L-glutamine, and 10 mM pyruvate. Cells were counted with a Coulter Counter (Coulter Electronics, Brea, CA), and the number of cells was adjusted to 5 ϫ 10 6 cells/ml. A total of 5 ϫ 10 5 mononuclear cells in a 100-l volume were added to round-bottom 96-well plates (Greiner, Monroe, NC) and incubated with either 100 l of culture medium (negative control) or various stimuli, including P3C (Pam3Cys) (10 g/ml; EMC Microcollections, Tübingen, Germany), LPS (10 ng/ml; Sigma, St. Louis, MO), Mycobacterium tuberculosis sonicate (1 g/ml), Staphylococcus aureus (1 ϫ 10 6 microorganisms/ml), or Escherichia coli (1 ϫ 10 6 microorganisms/ml). All stimuli used, except for LPS itself, were checked for contamination with LPS with a Limulus amoebocyte lysate (LAL) assay, and LPS concentrations were found to be below the detection limit.
After 24 h of incubation at 37°C, the supernatants were collected and stored at Ϫ70°C until cytokine assays were performed. Cytokine concentrations were measured by using commercial enzyme-linked immunosorbent assay (ELISA) kits. The experiments were performed in triplicate. (55) . The P value was accepted as significant when the it was Ͻ0.05.
Differences in cytokine production capacities between groups were analyzed by using the Mann-Whitney U test. Differences were considered statistically significant at a P value of Ͻ0.05.
RESULTS
The TLR2 genotype distributions are shown in Table 2 . None of the three analyzed SNPs deviated from Hardy-Weinberg equilibrium. The 1892A allele variant was found exclusively in European populations and not in Asian, African, or American volunteers.
The 2029T polymorphism was absent in both European and non-European populations, with the exception of the Vlax-Roma population. Because the 2029CϾT functional mutation was previously suspected to be an artifact due to the presence (approximately 23 kb upstream) of a noncoding pseudogene homologous to the third exon of TLR2 with 93% sequence identity (33), we chose to avoid false-positive results by using three primer pairs: two gene specific (P1 and P2) and one pseudogene specific (P4). All the samples were genotyped by the method of sequencing using capillary electrophoresis. The 2029T minor allele was present in five Vlax-Roma individuals and was absent in all other populations. Examples of sequencing-derived electropherograms for P1 and P2 that show the wild-type and heterozygous statuses for TLR2 position 2029 are depicted in Fig. 1A and B. When we sequenced the pseudogene locus of interest using P4, we found only the T/T homozygous variant, both in heterozygous 2029C/T and in wild-type 2029C/C samples (Fig. 1C) .
The TLR2 2258A variant allele was present only in Europeans, with a very low frequency in Vlax-Roma individuals (0.006).
All the studied polymorphisms had relatively low frequencies in the populations in which they were present ( Table 2) . Figure 2 shows the allele frequency differences for the TLR2 SNPs between the evaluated populations as well as the possible order (and location) in which the mutations of interest may have occurred.
Effect of the 1892C>A and 2258G>A TLR2 polymorphisms on IL-6 production. A trend toward lower IL-6 production levels for the mononuclear cells (MNCs) exposed to various stimuli was detected when blood samples were collected from individuals heterozygous for the TLR2 1892A polymorphism (Fig. 3A) as well as individuals bearing the TLR2 2258A (Fig. 3B) minor allele (Fig.  3) . However, these differences were also seen for the TLR4 ligand LPS, and they did not reach statistical significance. Furthermore, no differences in the capacities of PBMCs obtained from donors with different TLR2 genotypes to produce IL-1␤, TNF-␣, IFN-␥, and IL-17 were observed (data not shown).
DISCUSSION
TLR2 is an important pattern recognition receptor that recognizes a relatively large number of microbial ligands and, by extension, is important for the recognition of various classes of microorganisms. TLR2 polymorphisms have been reported to influence susceptibility to various microorganisms. In the present study, we assessed the distribution of the three main TLR2 SNPs in various populations, in order to investigate whether these polymorphisms may be partly responsible for differences in disease susceptibility between these populations.
By assessing TLR2 polymorphisms in populations from all major continental masses, we found that the 2029CϾT polymorphism is absent among the European populations studied. These data are supported by previous reports of populations from Germany (39, 47, 59 ), Turkey (6, 14) , Iran (1), and the Netherlands (58). A clear difference, however, was present in the Vlax-Roma, gypsies living in Bosnia-Herzegovina, Romania, Albania, and Hungary (30) , in which a small number of individuals were heterozygous for this polymorphism. The Vlax-Roma account for a substantial proportion of the overall Romani population (11) . The Roma population is an Eastern Indo-European population that, after splitting from the Western Indo-Europeans, established themselves in North India (26, 41) before migrating into Europe relatively late (900 to 1,100 years ago) (19, 42) . Our findings suggest that this polymorphism most likely arose in Vlax-Roma people after separation from the Western Indo-Europeans and possibly even after they left India. This last assumption is supported by the absence of this polymorphism from other populations in India (7). Due to the low prevalence (1.4%) of this mutation/polymorphism, functional studies with primary cells of individuals with the variant allele have not been feasible. However, taking into account that individuals of Roma ethnicity are greatly affected by tuberculosis (9) , future studies to evaluate whether the TLR2 2029T minor allele may be a genetic susceptibility factor in this population are warranted.
One major aspect to be considered when data from the literature are reviewed for the presence of the SNP at position 2029 is the presence of the noncoding exon 3 duplication of TLR2 at approximately 23 kb upstream of the TLR2 gene. Several studies reporting its presence did not exclude this possibility, such as the association of the 2029CϾT polymorphism with tuberculosis in Tunisian patients (5) and with leprosy in Korean patients (25) , and these data could therefore be the result of technical artifacts. This may also explain the discrepancy between those two studies and the absence of a correlation between this polymorphism and leprosy in patients from India (33) and Japan (34) . We failed to find this polymorphism in populations from China or Trio Indians (who arrived in America via North-East Asia), findings supported by previous studies in China (12, 60) , South Korea (45, 62) , and India (7) . Similarly, we also did not find this polymorphism in the Dogon and Fulani populations from Mali, Africa, and others have failed to find it in populations from Ethiopia (8) .
The TLR2 1892CϾA polymorphism was found exclusively in Indo-European populations, both from Europe and Vlax-Roma. Similar data were obtained by studies from Belgium (35) and Croatia (16) . The presence of this polymorphism in all Indo-European populations studied, but not in other populations from around the globe, suggests an older origin in proto-Indo-Europeans. The variant polymorphic allele was associated with a protective role against meningococcal meningitis (16, 50) , while it was associated with increasing susceptibility to tuberculosis (16) , and more studies are warranted before a definitive assessment of its importance in susceptibility to infections can be made.
Probably the most investigated TLR2 polymorphism is the 2258GϾA polymorphism, which in studies performed with European populations has been reported to be associated with several important infections, such as Candida infections (20) , severe bacterial infections (31), late-stage Lyme disease (46) , acute rheumatic fever (6), urinary tract infections (51), tuberculosis (36) , and autoinflammatory diseases such as Behcet disease (13) and familial Mediterranean fever (37) . The TLR2 2258GϾA SNP was also reported to be involved in the development of arthritis and extraarticular features following infection with Salmonella en- terica serovar Enteritidis (57). The same polymorphism was also found in a New Zeeland cohort of individuals of European ancestry (23) . In our study, the 2258A allele was present only in Europeans and not in other populations. These data are supported by data from previous studies showing that this SNP is not present in Asian populations, such as those from Taiwan (12), South Korea (45, 62) , and India (7); in a Chinese Han population (32); in one African cohort from Ethiopia (8); and in one American cohort from Colombia (63) . In a southeastern Chinese population, the TLR2 2258A allele was found at a very low frequency and was not associated with susceptibility to tuberculosis (60) .
An interesting aspect is the consequences of mutations on TLR2 function. The presence of the 1892A and 2258A minor alleles tended to result in a reduced capacity for IL-6 production in response to TLR ligands as well as whole microorganisms. This change in TLR2 function is in line with the observed effect of the polymorphism on susceptibility to infections (see above). However, these differences in healthy individuals did not reach statistical significance, and larger studies (including patient cohorts) are needed in order to be able to draw definitive conclusions. The lack of enough individuals bearing the variant allele for the polymorphism at position 2029 has precluded us from assessing its function.
In conclusion, the studies presented here demonstrate a specific pattern of TLR2 polymorphisms in various human populations around the globe, in which Indo-Europeans seem to harbor a more polymorphic TLR2 gene, at least with regard to three of the major known SNPs, than other populations. This argues for a relatively late appearance of these mutations during human evolutionary history, after the split of the populations in the Middle East subsequent to the migration out of Africa. For some of these SNPs, an association with susceptibility to various infections has been suggested, adding to the arguments that genetic variation in TLRs may contribute to the differential infection susceptibilities of different populations.
